Garlic (Allium sativum L.) is an important crop for domestic consumption in Peru. However, there is insufficient information available on crop management, particularly on fertiliser application to local cultivars. In order to evaluate the response of three garlic cultivars to three fertilisation methods, an experiment was conducted at the Donoso Experimental Station in Huaral district, a province of Lima. Three garlic cultivars were used as experimental materials: 'Cincomesino', 'Arequipeño 14' and 'Margosino'. Three methods of fertilisation were applied as treatments: broadcast application before furrowing (M1), fertilisation in a superficial groove or false furrow (M2), and fertilisation in the lateral furrows, or band application (M3). The experiments were installed in three parcels for each cultivar, with a randomised complete block design for each parcel and four replications. In general, localised fertilisation methods showed the best performance for the broadcast method. Regarding total yield, fertilisation at the sides of the furrow (M3) for 'Cincomesino' reached 13.08 t/ha. The highest yield for the 'Arequipeño 14' cultivar (12.25 t/ha) was achieved using fertilisation with a surface groove or false furrow (M2). For the 'Margosino' cultivar, fertilisation on the sides of the furrow was ideal, and the yield was 10.95 t/ha.
Introduction
Garlic is native to central and southern Asia, from where it spread to the Mediterranean and then to the rest of the world. By around 3000 B.C.E., it was being consumed in India and Egypt (García, 1990) . By the end of the 15th century, the Spaniards had introduced it to the Americas (Campelo, Arboleya, Maeso, Paullier & Giménez, 2016) .
Garlic is one of the oldest herbaceous crops (Salomon, 2002) .
In Peru, the most widespread garlic cultivars are susceptible to diseases caused by viruses and other pathogens as well as to shortages of quality seed (Nicho & Cóndor, 2012) . Their production is intended for both internal consumption and export as fresh and processed products. In the second quarter of 2017, the area of this crop sown nationwide was 7,600 ha. In the fourth quarter of 2017, the national yield was 10.8 t/ha. In the Arequipa region, the average yield was 12.3 t/ha (Sifuentes, Albújar, & Cajas, 2017; Sifuentes, Albújar, & Cajas, 2018) . Small and medium farms are the primary producers of this crop and most of the national production is destined for the domestic market.
The use of pathogen-free seed allows an increase in the yield of this crop, in some cases exceeding 50% (Olivera, 2009; Salomon, 2002) . The wide gap between the current low yields and the potential yield reveals a series of factors that limit garlic production. Some of these limiting factors are environmental, while others are related to agronomic or cultural practices (Usman, Fagam, Dayi, & Isah, 2016) .
Timely availability of nutrients is an important factor affecting the quantity and quality of garlic crops (Burba, 2003) . Proper management of the nutrition of the different garlic cultivars through the timely application of fertilisers is part of the production process which, in combination with other factors, promotes an increase in the yield and quality of crops. In addition, given the increasing price of fertilisers and the environmental costs associated with their excessive use, it is necessary to increase the efficiency of pesticide use (Harold & Reetz, 2016; Lipinski & Gaviola, 2006; Mirzaei, Liaghati, & Damghani, 2007) .
The production of horticultural plants requires multiple applications of fertilisers (Ugás, Siura, Delgado, Casas & Toledo, 2000) . Fertilisers that are added to the soil undergo transformations that can modify their availability. Their application methods are directly related to the plant's use of nutrients and the changes these nutrients undergo in the soil. To the extent possible, the application methods used should be economical, accurate and effective (California Fertiliser Association, 1995; Harold & Reetz, 2016) . A fertilisation plan must take into account the variability of environmental and management factors such as irrigation and tillage in order to distribute nitrogen with flexibility, according to the specific conditions of each campaign. A reduction in yield can be avoided by improving the efficiency of nitrogen fertilisation, incidentally mitigating the negative environmental impacts resulting from excess application (Harold & Reetz, 2016; .
Fertiliser (organic or mineral) application methods are essential components of good agricultural practices. The amount and regulation of absorption depend on several factors, such as crop variety, planting date, crop rotation, soil conditions and weather. In efficient agricultural practices, the farmer selects the quantity and opportunity over time, so that plants use the nutrients as efficiently as possible (Asociación Internacional de la Industria de los Fertilizantes [AIIF], 2002).
Recent soil analyses have shown that most soils are deficient in nitrogen (about 100%) and phosphorous (about 90%); therefore, proper management of these two elements is critical for good crop production. The proper management of fertilisers should focus on the maximum use of the applied P and K. For this purpose, alternatives to pre-sowing application over the entire surface, such as localised applications or application in bands , must be taken into account. Similarly, the dose of fertilisers should be based on the results of soil analysis, taking as reference a fertiliser dose of 220-100-200 NPK. It is also recommended to perform the first fertilisation 15 d after planting, with 1/3 of the nitrogen and all phosphorus and potassium, followed by a second nitrogen fertilisation at 30 d and a third at 60 d after the initial application (Nicho & Cóndor, 2012) .
There are various methods of application, such as spreading fertiliser uniformly over the entire surface of the land, or broadcasting and modified broadcasting, which is similar, except that fertiliser is applied only on the bed or in thin bands along the bed (Sierra, Simonne, & Treadwell, 2007) . Another system involves localised placement at the base of the plant. In this case, the fertiliser must be located under the teeth or next to them in order to avoid failures in sprouting (García, 1990) . Nitrogen is usually the only nutrient with insufficient availability for the cultivation of garlic, and the use of this element in three applications during cultivation is common practice. According to Burba (2003) , the first application should be 30% of the dose, the second 35% and the third 35%, while Aguado, Portela, and Lipinski (2014) recommends 25%-35%-40%, starting 50 or 60 d after the beginning of leaf emergence.
Broadcast fertilisation (that is, application to the surface of a crop field) is mainly used in dense crops not sown in rows or sown in dense rows (small grains) or in meadows. It is also used when fertilisers need to be incorporated into the soil after application (phosphate fertilisers) or to prevent losses from the evaporation of nitrogen (urea, diammonium phosphate). Incorporation by tillage or plowing is also recommended to increase fertility of the entire plow layer. If the fertiliser is spread by surface broadcasting by hand or with fertiliser distribution equipment, the spreading should be as uniform as possible (AIIF, 2002) . In Canada, on clay soils, fertiliser can be broadcast and incorporated prior to planting white garlic to bring soil fertility to 80 kg ha −1 N and 33 kg ha −1 P (Bandara, Krieger, Slinkard, & Tanino, 2000) .
When fertiliser application is localised (placed only in selected places in the field), it is concentrated in specific parts of the soil during planting, either in bands, in a strip below the soil surface, or next to and under the seed. This process can be carried out by hand or by means of special sowing equipment and/or equipment for fertiliser application (seed sowing and fertiliser) (AIIF, 2002) . In the furrow irrigation system, the most appropriate form of nitrogen fertiliser application is burying it next to the plant line. When adequate machinery is not available, the fertiliser can be placed in the furrow immediately after irrigation so that it dissolves and is incorporated (Lipinski, 2015) . To reduce fertiliser runoff, nitrogen applications should be split: the first application should be by broadcasting and the second and third application in bands (Nicho & Cóndor, 2012) .
The growth of the garlic plant is slow during the first 100 d; therefore, there is low absorption of nutrients. During that time, the plant partially uses reserve substances in the cloves. This absorption becomes more intense from 100 d on, extending to the end of the crop development (Campillo & Toro, 2002) . After sowing, both the number of leaves and plant height increase. The onset of bulb formation is characterised by an increase in the ratio of bulb diameter to neck diameter. In this phase, the number of teeth per plant increases rapidly, leaf growth rate decreases and finally, the increase in plant height stops (Brewster & Rabinowitch, 2002) .
Starting with the hypothesis that there are differences in fertiliser application methods that affect the yield of local garlic cultivars, the objective of the present study was to determine the most appropriate method of fertilisation for local garlic cultivars.
Materials and Methods
The experiment was conducted between July 2017 and January 2018. The plots were located in the Experimental Agricultural Station Donoso-Huaral, 5.6 km from the city of Huaral, in the region of Lima at a south latitude 11°14′ and 180 masl. The experiment was arranged in a random complete block design and three treatments were installed in each plot corresponding to each cultivar, in four distributed random blocks. Four furrows were installed in each experimental unit. The average temperature of the Huaral Valley (data obtained from the Weather Station of the EEA Donoso-Huaral, corresponding to the year 2017) during the months of crop growth was 17.3 °C in July and 21.6 °C in December, while the average relative humidity reached 58.5% in July. The three experimental plots were located in a sandy strip, according to the analysis of soils with low levels of salts (electrical conductivity: 0.52 mS / cm), moderately alkaline pH (7.71) and low organic matter content ( 0.7%), typical of coastal soils (Valladolid, 2001) ; also high in phosphorus (43 ppm) and potassium (234 ppm), low in calcium carbonate (10.56%) and medium cation exchange capacity (CEC) with 10.86.
The cultivars under study were 'Cincomesino' (C1), 'Arequipeño 14' (C2) and 'Margosino' (C3). The genetic material was provided by the National Vegetable Research Programme of the INIA and the treatments for each cultivar included three methods of fertilisation: Method 1 (M1), broadcast application before furrowing; Method 2 (M2), fertilisation in a surface groove or false furrow; and Method 3 (M3), lateral furrow or band fertilisation. Figure  1 shows the bulbs and cloves of cultivars 'Cincomesino', 'Arequipeño 14' and 'Margosino'.
According to Loayza, Nicho, Cahuas, and Cosme (2005) , the early garlic cultivars are those in which the beginning of gradual foliar drying from the basal part to the apical part of the plant is carried out from the fourth month to the fifth month, 15 days. This group includes the cultivar 'Cincomesino', which is widespread in Peru, with a vegetative period of 5.0 to 5.5 months (early) and 'Arequipeño 14'; both belong to the Napurí garlic group. The 'Margosino' cultivar belongs to the late cultivar group, for which the beginning of gradual foliar drying from the basal to the apical part occurs from the fifth to the sixth month (Loayza et al., 2005) . Based on the results of the soil analysis, we used ammonium sulfate, diammonium phosphate and potassium sulfate at a fertilisation level of 250-80-100 NPK, taking into account the recommendations proposed by the Vegetable Programme of the National Agrarian University (Ugás et al., 2000) of 200-80-100 NPK. However, fertilisation levels differed among experiments.
The experimental data were statistically analysed for each plot corresponding to a different cultivar by analysis of variance using the statistical software SAS at P ˂ 0.05, and the means were compared using the Duncan test.
Manual sowing was carried out at 10 cm between plants in double rows with a 60 cm groove, as recommended by Ugás et al. (2000) . With regard to insect pests, the presence of 'thrips' was evaluated, and foliar diseases such as botrytis caused by Botrytis porri and rust caused by Puccinia allii were also evaluated. Control was performed for both pathogens using insecticides and fungicides.
Surface irrigation was carried out weekly based on the physical characteristics of the soil using gravity and the slope of the land. The bulbs were harvested when 70% of the foliage was dry (145 d after planting), and there was a shortening of the vegetative period due to weather conditions during the experiment.
Vegetative parameters were determined for the three cultivars. Plant height was collected by measuring from the soil surface to the top of the longest leaf of 10 randomly selected plants using a ruler at physiological maturity of the crop, and the mean values in cm were computed for further analysis. To determine the neck thickness of the bulbs using a caliper, 10 random plants were evaluated at the neck level of the plant. Number of leaves per plant was recorded by counting the number of leaves of 10 randomly selected plants per plot at physiological maturity, and the mean value was recorded. Regarding yield parameters, three variables were evaluated. For bulb weight, 10 random bulbs were evaluated and the average bulb weight was determined. Average bulb size was recorded by measuring the diameter at the middle (equatorial diameter) of 10 randomly selected bulbs in each plot using a caliper, and from this parameter, the shape of the bulb was determined. With regard to the polar diameter of bulbs, 10 randomly selected bulbs were evaluated with the help of a caliperan evaluation that helped us determine the bulb shape.
Bulbs were sorted by calibre in accordance with the classifications used in the internal market, such as the wholesale market of Lima, although there is also an export classification mentioned in Loayza et al. (2005) and Nicho and Cóndor (2012) .
Among the harvested bulbs, first-calibre bulbs with 6 to 8 cm equatorial bulb diameter were classified then weighed to determine the bulb weight. The variable yield of second-calibre bulbs included those whose equatorial diameter was in the range of 4 to 6 cm, and the third-calibre yield included those with an equatorial diameter of 2 to 4 cm. To define the total yield/ha, all commercial bulbs were weighed to calculate the yield in t/ha.
Results
The experiment was conducted with slightly increased mean temperatures compared to previous campaigns; this climatic variation showed some minor changes in the vegetative period of culture and in the process of clove differentiation, in both cases shortening the process. Likewise, conditions were favourable for the presence of pests and diseases, which had an impact on crop production cost (Nicho & Cóndor, 2012) . Table 1 shows no statistical difference in plant heights of the early garlic cultivar 'Cincomesino'. M1 showed the best results but did not significantly differ from the other treatments. For neck thickness, no statistical difference between treatments was found, although M1 had the best results. The same occurred with the number of leaves, with a slight increase in M1.
For bulb polar diameter, there was a statistical difference between treatments. M1 had the highest value, followed by similar means of M3 and M2 (Figure 2 ). For equatorial bulb diameter, there was no statistically significant difference between treatments, since all treatments resulted in the same mean diameter (Figure 2 ).
For the yield variable (first calibre) of cv. 'Cincomesino' (Table 2) , there was no significant statistical difference between treatments, while M3 had the highest value. For second-calibre yield, there was no significant difference between treatments; M2 had the highest value, similar to that of M1. In the third-calibre yield, there was no significant difference between treatments, and M3 had the highest value. For total yield, the treatments showed no significant statistical difference, while M3 had the highest value ( between M1 and M2, but they were comparable to that of M3. For total yield at the winter planting (July), there were no significant differences, but M3 stood out at 11.0 t/ha, followed by M1 and M2 at 10.9 t/ha. (Table 3 ) showed no significant difference between treatments in cv. 'Arequipeño 14'. M1 reached a greater height than M2 and M3, which were 69.1 and 68.4 cm, respectively. For the neck thickness variable, M1 was 10.0 mm, followed by M2 (in a superficial groove or false furrow), with M3 (fertilisation in the lateral furrows or band application) in third place. For leaf number, no significant difference was found between treatments; the results were similar for M1 and M2, with the same number of leaves and both values slightly greater than those of the M3 treatment.
Plant height
The Duncan test for polar diameter showed a statistical difference. M3 treatment had the highest value (Figure 3 ), but the values were similar in the other treatments. For equatorial diameter, M3 had the highest value, showing a greater difference compared to M1 and M2. In cv. 'Arequipeño 14' (Table 2) , the first-calibre yield showed no significant differences, while in the secondcalibre yield, M2 was higher than M1 and M3. For the third-calibre yield, M2 showed the highest value. For total yield, M2 displayed the highest value.
For cv. 'Margosino' (Table 2) , the first-calibre yield showed no significant difference between treatments, but in the M2 yield, it was superior and similar to that of 'Arequipeño 14'; however, it only reached 4.0 t/ha in M2. For the second-calibre yield, there were no significant differences either, and in terms of yield in t/ha, M1 and M2 were at 4.67 t/ha, followed by M3 at 4.02 t/ha. For the third-calibre yield, there were no significant differences For plant height in cv. 'Margosino' (Table 4) , M1 had the highest value compared to the other cultivars under study. For neck thickness, M1 also had the highest value compared to the other treatments; treatments M1 and M3 had the same number of leaves.
M3 had the largest bulb polar diameter, followed by M2 and M3 (Figure 4 ). For bulb equatorial diameter, a similar relationship was found: M3 in first place, followed closely by M1, then M2. Figure 5 shows the three cultivars and three methods of fertilisation. The percentages of garlic bulbs of first (6-8 cm) calibre reached on average 30% of the total production; however, for the case of 'Cincomesino' and 'Arequipeño-14', M3 (lateral groove fertilisation) had the highest result, and in the case of 'Margosino', M2 (false groove fertilisation) was highest. Among the secondcalibre garlic yield, 40% of the total production belonged to this group.
According to Table 1 , results similar to those of the plant height experiment were recorded by Loayza et al. (2005) : 72.6 cm in the autumn planting season and 75.5 cm in the winter planting season for cv. 'Cincomesino'. However, reports from other latitudes, in experiments with local cultivars and different levels of nitrogen fertilisation, recorded a plant height maximum of 56.0 cm (Naruka & Dhaka, 2001) . For neck thickness, similar results were obtained by Loayza et al. (2005) at 0.87 cm and 1.19 cm in the autumn and winter planting season, respectively. For leaf number, the results obtained were in the range reported by Loayza et al. (2005) for this cultivar.
With regard to the plant height of cv. 'Arequipeño 14', M1 reached 69.2 cm, compared to M2 and M3, which reached 69.1 and 68.4 cm, respectively-values that approximate the results of Loayza et al. (2005) of 70.9 cm in an autumn planting of the same cultivar. For the neck thickness variable, M1 was 10.0 mm, the same as the results of Loayza et al. (2005) for an autumn planting (9.9 mm). For leaf number, no significant difference was found between treatments, with a mean of 12.1 leaves. Loayza et al. (2005) reported a lower number of leaves in the autumn planting and a similar number of leaves in a winter planting. Loayza et al. (2005) for a winter planting. In M1 for neck thickness, 8.88 mm was the highest value; Loayza et al. (2005) found a larger neck diameter in both the autumn (11.9 mm) and winter plantings (13.1 mm). This difference was possibly caused by the weather conditions during the study, which were not favourable for greater thickening of the neck; these can be correlated with the lower plant height obtained. All three treatments showed similar results for number of leaves, with means of 12.0. Loayza et al. (2005) found 12.7 leaves in autumn and 11.6 leaves in winter. Although the plants had a similar number of leaves in terms of neck diameter and plant height, they showed greater plant development.
Total yield in cv. 'Cincomesino' reached 10.4 t/ha in the winter planting in Loayza et al. (2005) , and in the May planting, it reached 14 t/ha compared to the 13.1 t/ ha obtained in the M3 treatment in the present study. In cv. 'Arequipeño', the total yield obtained in M2 was 12.25 t/ha. Loayza et al. (2005) mentions total yields of 9.3 t/ha for the June planting and 13.3 t/ha for the May planting. A similar yield was obtained for white garlic in Mexico, where Pérez, García, Ramírez, and Barrera (2003) obtained 12.2 t/ha in cv. 'Cristal'. For cv. 'Margosino', Loayza et al. (2005) found a similar yield of 10.9 t/ha for the June planting (winter) and 12.0 t/ha for the May planting (autumn), corroborating that the high yields are proportional to the length of the growth period (between sprouting and bulbification), as pointed out by Burba (2003) .
Plant height of cv. 'Arequipeño 14' in treatment M1 reached a high of 69.2 cm -a value that approximates the results of Loayza et al. (2005) in the autumn planting of 70.9 cm. For the neck thickness variable, the M1 result was superior, with the 10.0 mm result similar to that of 9.9 mm obtained in the autumn planting by Loayza et al. (2005) . For leaf number, no significant difference was found between treatments, with an average of 12.0 leaves. Loayza et al. (2005) reported 11.4 in autumn plantings and 12.7 in winter.
Plant height in cv. 'Margosino' (Table 4 ) reached a maximum of 68.0 cm in M1 -less than those recorded by Loayza et al. (2005) of 75.6 cm in the autumn and 75.7 cm in the winter planting. For neck thickness, 8.88 mm was the highest value; Loayza et al. (2005) obtained a larger neck diameter in autumn plantings (11.9 mm) and in winter plantings (13.1 mm). This difference was possibly caused by the weather conditions during the study, which were not favourable for thickening of the neck and could be correlated with the lower plant height obtained. Regarding the number of leaves, Loayza et al. (2005) found 12.7 leaves in autumn and 11.6 leaves in winter. Although they had a similar number of leaves, in terms of neck diameter and plant height, the plants showed greater development.
Conclusions
The vegetative development variables were higher for the broadcast fertilisation method, while the yield and bulb quality variables showed better results for lateral fertilisation in cultivars 'Cincomesino' and 'Margosino'. Thus, this method of fertilisation might be the most suitable depending on the crop yield, owing to the response of the plant to the location of the fertiliser and improved absorption and translocation of nutrients by the plant.
The highest yield for 'Arequipeño-14' was obtained by applying the superficial groove or false furrow fertilisation method, which allowed better uptake owing to its proximity to the roots.
